AL NN

L ockh2ud-Ceorgia investigatof’g have recently
, departed ¢a & study designed ta determine the sig-
. nificance of velding variables and the factors
necessary fov the suscessful transier of weld set-
tings when irert~gas iungsten-arc welding aluminum
vitoysd 1} Welds were made ir 1/4- and 3/4~inch
2213-1687 plate using s squazre-bu<t joint. The ex-
~ periments were statistically designed, and the re-
sults were analiyzed with the aid of a computer.
The major variables influencing weld penetration
ware found to be travel speed, electzcde positcion,
current, slactrode-tip diameter, anc gas purity.
Weid vltimateostrength variations were affected
st by travel speed, electrode position, voltage,
go¢ purity. Variables acsounting for varia-
{ons in porosity were gas purity and the time-~
temperature function. The varlables for which
~sccurate instrumentation must be provided te trans-
fer weld settings were {in order of importance)

52 travel speed, electrcde position, cuzrent, voltage, .

gas purity, and eiectrode~tip diameter. The inves-
tigation indicated that a change of the welding
control system from on2 system to another may pre-
cilude the ability to successfully transfer a weld
setting. For example, settings that are stable
and satisfactory when wa2lding with the conventional
“automatic woltage" control system can be trans-
fearred < the “voltage proximity-current" system,
but the opposite is not elways poscible. However,
duplicate trace recordings of the four dynamic

var’ ables {current, voltage, eslectrode position,
and travel speed) indicate duplicate welds regard-
less of system change. The instrumentation should
have high resolution and trace~type potentiometric
recorders. An accumulation of variaticn in the
minor stotic variables such as wire-deposit rate,
gas flow, gas purity, etc., will cause significant
variation in the resulting welds. Wire-deposit
volume nermally is not a critical variable; how-
ever, the angle and position of entry intc the weld
puddie Is extremeily sensitive. A change could in-
validste electrode position and voitlage data.

: A finxl repoxrt on a 3-year program at South-
west Research covering the development of welaing
techniques and fiiler metals for high-stre?gth
slwainum alloys has been received by DMIC.A2) The
report indicated that no new filler melels were
found which gave properties any better than those
that were commerciilly available., Iatermetallic
precipitates were shown to have a simificant Sole
in the initiation of fracture in 3/4~inch inert-
‘gas tungsten-arc 2219-T87 alley weldments. The
nstural aging characteristics of X7106-163 alioy
weldments made with X5180, 5556, and 5556 alloy
filler wire ware investigated. Marked Increases
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in the uniaxial tensile strength of the weldnents
were observed to occur for agivg metiods of up to
2 weeks. In some cases, the strength of the weld
dapocit increased to a value such that the location
of the fractures in tensile-test spocimens shifted
from t..2 wela deposit to the heat-affected hase
metal.

Crack-susceptibility tests on 0.128%-inch
22.9-787, 2014-T6, 2nd X7106-T63 alloy shect materi-
al ecteblished that, for this thickness, the sus-
ceptibility of X7106-T63 alloy to hot .racking dur-
ing waldirg 1c comparable tu that of 2014-T6 alioy.
The 2219~I87 material exhibited a degrae of crack
susceptibility considerably lower tnan that of the
other two alloys. Uniaxial tensile tests, hydraulic
bulge tests, cylinder burst {ests, MIT biaxial tests,
and LTV biaxiel tests were perfomed on 0.125-inch
2014-T6, 2219-187, and X7106-63 parent metal and
weldments. This study showed that the hydraulic
bulge test may be used for the determinatlion of the
1:1 biaxial mechanical properties of such wildments.
These properties were also shown to be essentially
equivalent to the uniaxial properties. HNumerous
graphs were presented to substantiate the conclu-
sions drawn.

At Riso in Demmark, boih pressure- and fusion-
welding proz:esses have bzen investigateo for SAP-to-
SAP joints. 3} The pressure-welding processes
appear preferable from the standpoint of high-
temperature strength. However, fusion welding, with
careful control of heat input, was shown to be
feasible.

Joint mechanical properties obtained by flash
welding were considered to be indicative of any
pressure-welding process. rlash-welded joints in
SAP-930 exhipited satisfactory high~temperature
strength. Ultimate tensile strengths wexe about 90
percent of parent-metal longitudinal strength but
vwere considerably higher than parent-metal transverse
strength. Elcngation was relatively poox. These
properties call for special design considerations,
but the pressure-welding processes were concluded
to be effective for jolning SAP, although upsetting
forces may cause compiications in rlamping.

Buth inert-gas tungsten-arc and irert-gas
metal-arc welding were investigated at Riso for
end capping SAP tubes. A pure aluminum filler ma-
+urial was employed. To control heat input, a rc-
tated arc was used for tungsten—arc welding and the
short-circuiting process for metal-arc welding.
Good joint strength and tightness at elevated tem-
perature were odtsined by both processes. However.
in fusion with aluminum filler, particular atten-
tion was required to keep stresses low in the
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zlusinue part of the joint becaise of aluminum's
inferior high-temperature strength compared with
that of SAP,

A stainless steel-oluminum transition joint
for use at temperatures up to about F has been
developed at Atomics Internationai.l4»5) The joint
censists of 2 stalnless steel tubular section bonded
to 3 pure aluminum sleeve. A tungsten bazzier layer
is usad to prevent diffusion between the joint com-
ponents during hot isostatic pressure bonding. ihe
stainless steel was plated with nickel. The bonding
parsmeters were 10,000 psi at 1150 F for 15 minutes.

EL_AND SUPERALLOYS

Solar has svaluated several alloys for braz-

ing foil-thickness {0.010 ineh} TC ¥ickel, TD Nickel
Chromium, L-&0%, and Inconel 625 in their program on
the development of honeycombe-sandwich fer use at
1800 F and above.(6:7) The selections were made on
the basis of remelt temperature, high~temperature
oxidation, and strength tests, Dsta on these alloys
and the resuits of tensile tests on T joints are
given in Tables 1, 2, 3, and 4. Fnginsers wishing
to follow the Solar work on_ superslloy joining should
be aware of a companion program under Contract
Rumber F33615~67-C-1217 that has essentially the
same objectives. The efforts are being carried on
concurrently at Solar.

Hoppin, in a paper delivered recently at the
ASM Metal Congress, emphasized that stress-rupture
and creep strengths 2re the limiting factors when
selecting brazing al%ovs for superalloys for hich~-
temperature service. 8) Solar has the development
of such data as one objective of its programs.
Some of Hoppin's data are shown in Figuses 1 apnd 2

for brazed lap joints in Rend 41. All cof these
joints had a 2t overlap and were aged at 1400 F for
16 hours.

A gpotation from Hoppin's paper is pertinent
to the reporting of any information on the brazing
of high-temperature alloys.

"Valid comparison of one filler metal to
another may be made to aid in seleciion,
but the apparent shear-strength results
obtsined from lap-joint testing reaily
have no absolute value that can be trans-
lated into component design. 3Brazing-
filler-metal selec’lion ultimately must be
made on the basis of component require-
ments and proven ¢n actual or sinula ted
components. There exists today a vast
area of ignorance in applying brazed-joint
test data intelligently. Far more work

in the area of stress analysic is required
to determine whet tests are really needed
to predict performance. In conjunction
with this, available data is inadequate,
often not reproducible, and many design
engineers have avoided using brazed de-
signs because of their recogniticn of this
situation. The largesi single factor
holding back the greater use of brazirg

in superalloy fabrications is the lack of
proper data and the knowledge of how to use
it.“

Two manuals on brazing of superalloys ¢.d
other materfials have become available. A Marshall
Space Flight Center Manual provides information on
materials, equipment, joint preparation, repair,
and guality control for induction-brazed tubular

TABLE 1. BRAZE TEMPERATURES USED(6,7)

Braze Eraze
Temperature, Temperature,
Superalioy Braze Alloy F Super=1lloy Braze Allowv F

TD Nickal 1D-20 2375 1605 JB400 2170

1D Hickel -6 2375 1605 J8100 2150

TD Nickel J8&00 2130 L605 52 2130

1D Nickel 60Pd-40NL 2280 L6053 Jg&00 2180

TD Nickel Chromium TD-6 2380 Inconel 625 Painiro X 2200

ID Rickel Chromium QIS0 2090 Inconel 625 OQU%C 207G

TD Nickel Chromium NK77 2200 Inconel 625 NX77 2170

ID Nickel Chromium NSB 23%0 Inconel 623 S8 2180

——
TABLE 2, BRAZING ALLOYS SELECTED FOR EVALUATION(6,7)
Approximate Approximate
) Liquidus, Solidus, <
Braze Alloy F F Ni Cr Pd Si B Au Mo W Fe Co Others
T0-6. -— — Bal 16,0 - 40 =~ = 17.0 50 == - -
D20 -— -— Bal 16,0 4,0 == ~- 25,0 5,0 — -— -
JB8l00 2080 1980 Bal 190 =~ 100 =~ — = -~ 1.0 -~ -
JB4oo 2100 202% 21.0 21.0 -~ 8.0 0.8 ~ - 4,0 -~ Bal 4C
Jo&00 2150 1800 Bai 33.0 250 40 ~ — = = o= - —
G50 1930 1905 Bal - - T 39 = em ee em - -
Gis2 1500 H Bal — - 4.5 2.9 == = = 1.4 - -—
Nsa — - 861 - At 200 0..3 -— — — — — hanad
60PA-4a0N% 2260 260 DO = WD = == = - e = - -—
NXT7? 2130 220 Bzl 56 - 7.0 1.0 -~ -~ 1.0 X 4.0 —
Palniro X —_ — X X X -— =~ X — e— em - -
== =
¥

4




3
-~ < - Z
< _ S - . e i i P A
§
K
| : 3
TABLE 3. HIMELT TEMPERATURE (0,7) -~ é
s E
. 1,&&0&«1 : %
Remelt < &} 5
Temperatwie, F . .
1000 10 5 wft =
Superalioy Braze Alloy psi psi ﬁz_ E Ni-S1-8 ; g
o ¥
L605 (o) 8200 2350( ¢) - w § :
Tmax = 1800 F J8100 1860 2225 ‘%' »l ]
Qus2 2140 - p £Crati
J8600 2220 - s .l
Inconel 625 Palniro X 2350?02 - s
Tpax = 2000 F QM50 2350l ) - <
NX77 23501 ¢) - wr
J8500 2350(c) -- ) ys )
D Nickel 1D-20 2030 2420 % PP Teee—y 7 e =
Tpax = 2000 F TD-6 2055 2360
J3600 2300 — Test Temperature, F
60Pd-4CN1 1450 2320{ ,
TD Nickel Chromium TD-6 2125 2450\ ¢) FIGJKE 1., PROPERTIES OF BRAZED JOINTS IN RENE 41(8)
Tpax = 2200 F 50 2025 2170
NX77 2260 2240
NSB 1950 2270

(a) Test on.y performed if the 1000 psi remelt
~ temperature was <preliminary Tpax + 150 F.
{b} Tpax = the maximum temperature capability of
alloy.
{c) At this temperature test terminated without
failure.
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: TABLE 4. TENSILE STRENGIH OF AS-BRAZED T-JOINTS AT ROOM TEMPERATURE AND AT
Tuax(€+7) &
-]
i Uitimate -5 AN
§ Test Tensile ; a §
Temperature, Strength, 4 g ~-{
: Superalloy Braze Alloy F 1000 psi  Failure Mode(a) '
H L605 JB200 70 109.5 BA 23
g L605 Jgao0 1800 21.5 ™ R
3 1605 J8100 70 74,7 BA Pes g
H L605 J8100 180G 22.0 m - 0B
L605 52 70 78.9 BA o
i L605 52 1800 20.1 M g o4
3 L605 J8600 70 132.0 BA £3
4 LEOS JBe00 1800 0.6 BA a & g i
3 Inconel 625 Palniro X 70 70.5 BA v ) -
i Incone! 625 Palniro X 2000 3.2 BA g I
3 Inconel 625 Q50 7 106.5 BA )
Incorel 625 QU0 2000 1.1 BA g 3 a i
; Inconel 625 NX77 70 75.9 BA D et .
3 Inconel 625 NX77 2000 10.5 3] O O ee? .
3 Incone} 625 J8600 70 109.0 P g gge =
; Inconel 625 186060 2000 6.5 50% FM &8 I3
N 1D Nickel TD-20 70 67.8 MM & o5 % g P
D Nickel 15-20 2000 17.4 PM < No L T8
! D Nickel TD-6 70 0.6 P g oo £
1D Nickel -6 2000 15.1 0% M &~ o & \} SRE
i & D Nickel J8600 7 59.2 ™ S ogd BE
g D Nickel J8630 2000 5.0 BA n o3, ,
i TD Nickel 60Pd~20N1 70 65.1 P 200 :
E N 1D Nickel €0Pd-40N3 2000 9.4 BA wao ‘1:
: 1D Nickel Chromivm  T0-6 70 111.6 30 to 100X PM B w
TD Nickel Chromivm TD-6 2260 2.3 BA o
1D Mickel Chromium M50 70 163.7 B8A € e
TD Nickel Cnromium (M50 2200 1.2 BA ~“~
TD Nickel Chromium NX77 Y 120.0 M o
TD Nickel Chromium MX7@ 2200 0.6 BA hed 3
TD Nickel Chromiwa } 3 70 111.0 BA O wi'g ~
1D Nickel Chromium 3B 2200 0.7 BA b~ g o 1
{a) BA - braie alle,, PM - parent metal. a 5 ,g i g
59
® 8
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FIGURE 2. PROFERTIES OF BRAZED JOINTS 1IN RENE 41(8)

assemblies.{9) A Monsanto Research publicstion
contains data on surface preparation, wetting and
flow characieristics, mechanical properties, and
base-metal reactions of 9 filler metale on 1l base

. metals.(10) It is designed to reduce the trials
and erreors for those developing new brazing applice-
tions. The base metals covered in the Monsanto
manual are tantalum, Ta-10W, columbium, mo'ybdenum,
tungsten, Type 304 stainless steel, Haynes 25,
Hastelloy C, Waspalloy, TD Nickel, and U-10Mo.

Inertia welding is receiving wide attention
for the welding of the superalloys and also othex
metals of construction. General Eleciric is exam-
ining this process for the fabrication of jet-engine
rotors.l 11} The alloys included in the examination
are Alioy 718, Udimet 700, and Ti-6A1-4V,

BERYLLIUM

North Américan Rockwell is continuina the
development of beryllium-titanium composite struc-
tures.i12) Problems consi¢ered most important to
the ‘hinderan-e of complete success are ingot sheet
quality, microcracking during forming and resistance
brazing, and warpage during electron-beam brazing.
The warpage during electron-beam brazing was con-
sidered insurmcuntzble. Resictance spot diffusion
brazing zppears to be the most feasible method of
fabricating the composite truss-core panels desired.

Solar engineers in a program to develop
brazing alloys which flow well ?capillary flow) on
beryliium have been looking mainly at the effect of
compositional changes on eilver- and titanium-base
ailoys.(13) Ternary and quarternary silver-base
alloys based on the sil =r-zopper eutectic are being
evaluated for wetting, -.ow, melting characteristics,
and base-metal reactic- Six alloys have been
found that show promis.. The titanium-base-alloy
studies follow those used on the silver-base systeme
and involve the alteration of known alloys plus
sdditions to a Ti-~5.6Be alloy. Alumimum alloys

are also under study as possibie brazing alioys for
beryliium.

" In another program at Solar, methods are
under study for the development of beryllium
honeycomb-sandwich structures.!14) To date, much
-of the effort has been expended on the methods cf
fabrication for the sandwich parts. Brazing and

diffusion bonding are the joining methods under in-
ves1igativie.
capillary-flow work described above are being evalu:-
ated in this study. The alloy 63Ag~27Cu-10Sn has
beer tentatively chosen as the most promising for
making the sandwich.
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Several additional references tc recent
beryllium-joining developments are covered in the
DMIC Review of Recent Developments on Beryllium,
January 26, 1968, Included in thls review is a
summarization of Battelle/Columbus work on electron-
beam weldifg ?f 1/16~ and 1/8-inch-thick $-200-C
peryllium. S

NEW PROGRAMS

Diffysion Bonding
(a) Con‘ract AF 33(615)-66-03515,
Manufacturing Process Development to
Produce Large Structural Titznium
Components by Diffusion Bonding
Laminated Sections, North American-
Rockwell, Inc., September 8, 1967.

{b) Contract F33(615}-67-C-1738, Nondes-
troctive Testing Techniques for Dirfu-
sion Bonded Laminates, Nerth American-
Rockwell, Inc., June 13, 1967.

(c) Contract F33615-67-C-1802, Fabrication

Techniques for Advanced Compcsit
Attachments and Joints, North American-
Rockwell, Inc., June 14, 1967.

Resistence Welding

{a) Contract F3261:-68-C~1289, High
Frequency Resistance Welding Titanium
Tee Shapes, Columbus Laboratories,
Battelle Memcrial Institute, January 9,
1968,
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DMIC Reviews of Racent Developments present brief summaries of information which has become available
to DMIC in the preceding period (usually 3 months), in each of several categeries. DMIC does not intend
that these reviews be made a part of the permanent technical literature. Coples of referenced reports are
not available from DMIC; most can be obtained from the Defense Documentstion Center, Cameron Station, B
Alexandria, Virginias 22314, -

R. W. Endebrock, Editor
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